
i. means for powering at least three independent freedoms of said 
connection element relative to said ground; and 

ii. means for maintaining at least one independent freedom of said 
connection element relative to said ground free of power. 

2. The apparatus of claim 1, wherein said means for powering said freedoms powers 
said freedoms based on asignal generated in a non-local environment. 

3 . The apparatusspf claim 1 , at least one of said powered freedoms comprising a 
translation relative to said groimd. 

4. The apparatus of cmim 1 , said at least one freedom that is free of power 
comprising a rotation with respect tasaid ground. 

5. The apparatus of elaim K said linking means comprising means for powering at 
least four freedoms of said connection element relative to said ground. 

6. The apparatus of claim KsaiaUinkirig^means comprising means for powering five 
independent freedoms of said collection el^m^it relative to said ground. 

7. The apparatus of^|m 1, said li^kf^g means comprising at least two linked 
orthogonal bearings. 

8. The apparatus of clai^n L said linking mWs comprising first and second linked 
orthogonal bearings and a third bearinggwhich is linked tc^and orthogonal to one. of either the 
first or second linked bearings. 

20 9. The apparatus of claim 1 said linking means comprising at least two linked 

bearings. 

1 0. The apparatus of claim 1 , said linking means conAising a pair of actuators that 
are movable relative to each other and relative to a link more proxinjal to said ground than said 
pair of actuators. 
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1 1. The apparatus of claim 10, said pair of actuators being both connected to said link 
more proximal to ground through a single cable. 

12. Uie apparatus of claim 1, said linking means comprising at least two masses that 
are movable relativ^to ground and each other and said connection element so that the center of 
mass among said at lealst two masses and the connection element remains substantially stationary 
relative to ground despite nation of said connection element. 

13. The apparatus orclaim 12, at least one of said masses comprising an actuator. 

14. The apparatus of claini 1, said connecting means comprising a five bar linkage. 

15. The apparatus of claim 13^four bars of said five bar linkage defining a plane, said 
four bars being connected to ground, rotataoiy about an axis perpendicular to said plane. 

1 6. The apparatus of claim 1 , said coveting element comprising a thimble. 

1 7. The apparatus of claim 1 , said cc«meOT^,element comprising a rod. 

18. The apparatus of claim 5, saidp^wtin^ement comprising a rod. 

19. The apparatus of claim 6, said connecting element means comprising a rod. 

20. The apparatus of claim 1, said connecting element sizek to engage a human finger. 

21. The apparatus of claim 1, said connecting element sized toWgage a human foot. 

22. The apparatus of claim 1 , said connecting element sized to\engage a body member 
of said user selected from the group consisting of a human foot, finger, hanc^ head, buttocks, 
arm, leg, tongue and toe. 

23. The apparatus of claim 1 , said linking means further comprising: 

a. means for tracking the motions of said connection element relative to said 
ground with respect to said at least three freedoms that are powered; and 



-49- 



• 



b. means for generating a signal based on said tracked motions. 

24. The apparatus of claim 1 , said ground located above said connection element, 
with resptect to a gravitational field. 



25. \hc apparatus of claim 1, said linking means further comprising means for linking 
5 to a different portibui of said user's body from said body member, such that said ground is said 

different portion of said user's body. 

26. The apparatus of claim 1 , said connection element comprising an element that 
bears compression. 

27. The apparatus o^laim 1 , said connection element comprising an element that 
10 bears tension. 
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28. The apparatus of clair 
exchanging an attractive force and a i 

29. An apparatus for pft5 T si { 
environment, said apparatus comprisii 

a. a connection elel 
user; and 

b. means for physic 
linking means comprising: 



said^onnection element comprising means for 
Iprce with said user. 

aging a force with a user in a first, user-local 



lent for physically connecting to a body member of said 



lly linking said connection element to a ground, said 
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i. means for powering three indepena^nt freedoms of said connection 
element relative to said ground; and 

ii. means for maintaining three independent l^edoms of said 
connection element relative to said ground free o f power. 



30. A user input apparatus comprising: 
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a. a user connection element; 

b. a linkage for connecting said user connection element to ground, said 
linkage comprising: 

a connection assembly, comprising: 
a first link; 
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(b) . \first rotational bearing, one side of which is connected to 
said connectio^element and the other side of which is connected to one 
end of said first lir 

(c) . a second rotational bearing, one side of which is connected to 
a second end of said firstNink and the other side of which is connected to a 
second link, said second bearing arranged relative said first bearing such 
that their axes of rotation are Orthogonal and intersect; and 

(d) . a third romtional beafiggfftne side of which is connected to a 
second end of said second linkfsaid^hird bearing arranged relative to said 
second bearing such thgtftheir axes of rotation are orthogonal and intersect, 
and arranged relative to|sa\d fi^stbearii^g^uch that their axes of rotation 
intersect. 

ii. four bars, linked itL a keries having first \nd last bars, an extension 
of one of said bars being connectedNlo the other side of said third bearing; 

iiL an axle that is fixed relative to a link that is more proximal to 
ground than said axle, said first and last bars of said linked senes being linked by 
said axle; 

iv. a first actuator, connected between said first bar of s^d four bar 
series and said link more proximal to ground than said axle; 
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v. a second actuator, connected between said link more proximal to 
ground than said axle and a bar of said four bar series other than said first bar of 
said series; and 

.vi. a third actuator, connected between ground and said link more 
proximaMo ground than said axle. 

3 1 . The apparatus of claim 30, said first and second actuators being connected to said 
link more proximal to ground ihan said axle through a single cable. 

32. An apparatus for a user in a local environment to transmit a signal to and receive a 

M signal from a non-local environment^aid apparatus comprising: 

S 

j?yl 0 a. a connection element for physically connecting to a body member 

of said user; 

M 

Jj* b. means for mepftanically linking.said connection element to a 

ground, said linking means com{5psing:> 

H 

^ i. means for nWering^at least three independent freedoms of said 

01 -=^L \ W 

Q 1 5 connection element relativeW§aid ground to an extent based on a signal from 

(U \\ 

said non-local environment} 

ii. means for tracing said at l\ast three powered independent 
freedoms; 

iii. means for generating a master signal based on said tracked at least 
20 three freedoms; and 

iv. means for maintaining at least one independent freedom of said 
connecting element relative to said ground free of powering; 

c. means for communicating said master signal said^means for tracking to 
said non-local environment; and 
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d. means for communicating said non-local signal from said non-local 
environment to said means for powering. 

33?\ The apparatus of claim 32, wherein said means for powering at least three 
independent fr^k>ms powers said freedoms to an extent based on said non-local signal. 

34. The apparatus of claim 33, said linking means comprising means for maintaining 
three independent freedofns of said connection element relative to said ground free of powering. 

35. The apparatus of claim 33, said linking means comprising means for maintaining 
at least two independent freedom^of said connection element relative to said ground and free of 
powering. 

36. The apparatus of claim said linking means comprising at least two linked 
orthogonal bearings. 

37. The apparatus of clai^i 32, said\inking meariscomprising a pair of actuators that 
are movable relative to each other andV link irib^fJroximal to said ground than said actuators. 

38. An apparatus for g^ndfati^g a signet a specified point, said apparatus 
comprising: 

a. a first actuator connected through a cable to a ground; 

b. a second actuator competed to saidVround through said cable; 

c. means for kinematically connecting said first actuator to said specified 
point; and 



d. means for kinematically connecting said second actuator to said specified 



point. 



39. The apparatus of claim 38, said means for connecting sai< 
specified point comprising a first bar of a five bar linkage. 



first actuator to said 



40. The apparatus of claim 39, said means for connecting said second actuator to said 
specified point comprising a second bar of said five bar linkage. 

The apparatus of claim 40, said bars of said five bar linkage having lengths and 
masses sucHHhat the center of mass among said actuators, bars and specified point remains 
5 substantially stationary, despite any relative movement of said actuators, bars and point. 

42. An apparatus for generating a signal representative of force comprising: 

a. a recover for receiving a signal representative of the location of a user 
reference point relativesto a user reference frame; 
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b. a geometry model residence/for storing a representation of: 



l. a non-1 



1 reference 



ii. the user refer* 
and / 



type, spring-type element, re] 



le; 



frame^Wativelosaid non-local reference frame; 



iii. the conformation ^a^non-local environment comprising a switch- 



ive to sa&nqn-local reference frame; 



c. a comparator for combating the locatioq of the user reference point 
relative to the non-local environment;\a id 

d. a force generator for generating a signal representative of a force, based on 
the location of the user reference point relative to the non-local enWonment and a set of 
force rules, including spring-force rules which specify a switch outpirtibrce signal in 
response to a location signal of said user reference point indicative of a deflected 
conformation of said spring-type element, said switch output force signal o^ing specified 
by a non-linear function. 
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43. The apparatus of claim 42, further comprising a non-local environment reaction 
calculator that makes changes to the representation of the conformation of the non-local 
environment based on the signal representative of force and the set of force rules. 

44. \ The apparatus of claim 43, said spring force rules specifying a change in the 
representation of the conformation of the non-local environment in response to a location signal 
of said user referente point indicative of a deflected conformation of said switch-type element. 

45. The apparatus of claim 44, said change in the conformation of the non-local 
environment comprising aN^hange in the conformation of the representation of the switch type 
element. 

46. The apparatus of cW 45, said switch-type element comprising a switch having 
at least two positions, said change irrconformation of the representation of the switch type 
element comprising a change from onepS^kion to another of said at least two positions. 

47. An apparatus for generating^ signal represeptativeof force comprising: 

a. a receiver for rec^ivipg-a^igna^ representative of the location of a user 
reference point relative to a sse^eterence 

b. a geometry model r&sidence forw>ring a representation of: 



\ 



i. 



a non-local reference frame, ' 



and 



ii. the user reference frame, relative to said non-local reference frame; 
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iii. the conformation of a, non-local environment comprising a 
diagonal-type, spring-type element, relative to said non-lofcal reference frame; 

c. a comparator for comparing the location of the user reS^rence point 
relative to the non-local environment; 
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d. a force generator for generating a signal representative of a force, based on 
the location of the user reference point relative to the non-local environment and a set of 
forcevrules, including spring-force rules which specify a diagonal element output force 
signal m response to a location signal of said user reference point indicative of a deflected 
conformatib^ of said diagonal-type element; and 

e. ^non-local environment reaction calculator that makes changes to the 
representation of tne conformation of the non-local environment based on the signal 
representative of forcfe and the set offeree rules, said diagonal element spring-type rule 
specifying a change in the representation of the cross-sectional area of a selected region 
of said diagonal-type element. 

48. The apparatus of claim 47, said non-local environment further comprising an 
indicia of the cross-sectional area oi satd selected region of said diagonal-type element. 

49. The apparatus of cmim 48, said geometrical-model residence further comprising 
means for storing a representation \f said ii^cia^fthe cross-sectional area of said diagonal-type 
element as it changes over time. 



T 

50. The apparatus of claim 47, saic 



'force rules including a plurality of 



selectable different spring-force rules that specify a ifiagonal element output force signal, thereby 
facilitating a plurality of relationsWpsufetween said spnhg-force output signal and the location of 
said user reference point indicative of a deflected conformation of said diagonal-type element. 

5 1 . The apparatus of claim 47 said force generator^fiirther generating forces based on 
the time history of the location of the user reference point relative to the non-local environment 
and a set of force rules, including friction-type rules which specify^ friction output force signal 
in response to the time history of the location signal of said user reference point indicative of a 
change in position over time of the user reference point. 
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52. An apparatus for generating a signal representative of force\pmprising: 
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a. a receiver for receiving a signal representative of the location of a user 
reference point relative to a user reference frame; 

b\ a geometry model residence for storing a representation of: 

v i. a non-local reference frame; 



and 



ii\ the user reference frame, relative to said non-local reference frame; 
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iii. ttte conformation of a, non-local environment comprising a 
drafting substrate-type element, relative to said non-local reference frame; 

c. a comparator for comparing the location of the user reference point 
relative to the non-local environment; 

d. a force generatoisfonge&erating a signal representative of a force, based on 
the location of the user reference poi\re^ativ^o-tHe non-local environment and a set of 
force rules, including drafting substrate^cte rules which specify a drafting substrate 
output force signal in response tpk^ocationv^ignal of said user reference point indicative 



of a deflected conformatior 



j^trate-type element; and 



e. a non-local enviro Went reaction calculator that makes changes to the 
representation of the conformation)^ ftie non-local environment based on the signal 
representative of force and the set of fojce rules, said drafting substrate type-element rule 
specifying a change in the representation of a surface sha^e of a selected region of said 
drafting substrate-type element. 

53. The apparatus of claim 52, said representation of saidVonformation of said 
drafting substrate-type element including a representation of a surface texture. 

54. A method for physically exchanging a force between an apparatus and a user in a 
first, user-local environment, said method comprising the steps of: 
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a. providing an apparatus comprising: 

i. a connection element for physically connecting to a body member 
of said user; and 

ii. means for physically linking said connection element to a ground, 
said^nking means comprising: 

(a). means for powering at least three independent freedoms of 
said^nnection element relative to said ground; and 

(Bi means for maintaining at least one independent freedom of 
said connection element relative to said ground free of power; 

b. connecting saicrconnection element to a body member of said user; 

c. powering said at le^tffh^ee independent freedoms of said connection 
element. 

55. The method of claim 54, whkrein^aitf stej^of-pSwering said freedoms comprises 
the step of generating a signal in a non-locd^ip»rw^ent and powering said freedoms based on 
said non-local signal. 

56. A method for generating a signal representative of force, said method comprising 
the steps of: 

a. receiving a signal representative of the location of a user reference point 
relative to a user reference frame; 

b. storing a representation of: 
i. a non-local reference frame; 



and 



ii. the user reference frame, relative to said non-l\cal reference frame 
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Hi. the conformation of a, non-local environment comprising a 
diagonal-type, spring-type element, relative to said non-local reference frame; 

comparing the location of the user reference point relative to the non-local 
environmerikand 

5 d. generating a signal representative of a force, based on the location of the 

user reference pointVelative to the non-local environment and a set of force rules, 
including spring-forceWes which specify a diagonal element output force signal in 
response to a location signal of said user reference point indicative of a deflected 
conformation of said diagonal-type element; 

pjl 0 e. changing the reptesfentation of the conformation of the non-local 

{Jj environment based on the signal representative of force and the set of force rules, said 

M diagonal element spring-type rule specifying a change in the representation of the cross- 

ly " U \ \ 

jf* sectional area of a selected region of said diagpnal-type element. 

57. The method of claim 56^Jfarther composing the step of maintaining in said 

1~1 5 representation of said non-local eiwironnien^anji^icia^f the cross-sectional area of said 
ffl \ \ 

selected region of said diagonal-type element. 

58. The method of claim 57, fiirther comprising the step of storing a representation of 
said indicia of the cross-sectional area of skid diagonal-typL element as it changes over time. 

59. The method of claim 58, further comprising thkstep of displaying said 
20 representation of said indicia of the cross-sectional area of said qagonal-type element as it 

changes over time on a visual display. 

60. The apparatus of claim 8, each bearing having an axis ^rotation, said three axes 
of rotation coinciding at a user reference point. 
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6 1 . The apparatus of claim 60, said connection element comprising a thimble into 
whichlaMi)ody-4n^ is inserted, said thimble arranged such that said user reference point is 
within said body member wheit^eiui^ted-to said thimble. 




62. The apparatus of 



ember comprising a finger. 
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